Background: Intraoperative neuromonitoring is well established and widely used to assist in completing corrective surgery for adolescent idiopathic scoliosis (AIS) safely. The role of preoperative measurement of somatosensory evoked potentials (SSEPs) and/or transcranial magnetic stimulation (TMS) to determine if there is transpinal pathology, however, is not clear. We sought to determine if preoperative SSEP and/or TMS measurement provided clinical benefit to patients with AIS.
INTRODUCTION
Adolescent idiopathic scoliosis (AIS) is a coronal curvature of the spine that affects approximately 1% to 3% of the adolescent population. 1 Of these patients, a small percentage (0.3% to 0.5%) progress toward operative intervention. 2 For patients requiring surgery for AIS, intraoperative neuromonitoring has become the standard of care to monitor for any neurologic injury that might occur during correction of the spinal deformity. [3] [4] [5] [6] The utilization of preoperative somatosensory evoked potential measurements (SSEPs) or transcranial magnetic stimulation (TMS), however, has not been widely adopted by surgeons treating patients with AIS. The benefit of these exams is to exclude an intraspinal abnormality that may be causing the progression of a spinal curve. 7, 8 The preoperative findings could also provide a baseline for testing that could be used intraoperatively to identify abnormalities in neuromonitoring arising from the corrective surgery. Previous studies have not shown any significant clinical benefit from preoperative measurements of posterior tibial SSEPs and have shown that posterior tibial SSEPs are not affected by Cobb angle. 8, 9 The goal of our study was to determine if preoperative measurements of TMS or SSEPs combined might help predict intraspinal pathology for patients originally diagnosed with AIS. We also hoped that preoperative neuromonitoring would give baseline values for SSEP/TMS, which might help us during intraoperative neuromonitoring. We hypothesized that there would be a portion of patients with abnormal preoperative results that might benefit from further imaging to determine if intraspinal pathology was present. Furthermore, we sought to learn whether preoperative defects in SSEP/TMS measurements might benefit clinicians during interpretation of intraoperative neuromonitoing results.
MATERIALS AND METHODS
A review of clinical information was performed on patients undergoing corrective surgery for scoliosis with approval from our home institution's Institutional Review Board. We used our institution's data warehouse in order to find patients with Current Procedural Terminology Codes (CPT Codes) related to neuromonitoring (CPT 95925 to 95929) as well as International Classification of Diseases (ICD-9) codes related to thoracolumbar fusion. The ICD-9 codes for thoracolumbar fusion included 81.07 (lumbosacral fusion), 81.62 (fusion of 2 or 3 vertebrae), 81.63 (fusion of 4 to 8 vertebrae), and 81.64 (fusion of 9 or more vertebrae). Only those patients for whom both CPT codes for neuromonitoring and ICD-9 codes for thoracolumbar fusion were included were initially analyzed. The time period for this query was 2010 to 2012.
Once this first set of patients was determined, a comprehensive review of each patient's medical chart was performed. All patients with known diagnoses related to neuromuscular diseases, juvenile idiopathic scoliosis, or Scheuermann's kyphosis were excluded. Patients without a complete data set of preoperative and intraoperative neuromonitoring results were also excluded. Only patients without focal neurologic deficits, and with a normal superficial abdominal reflex and right thoracic or thoracolumbar or double major curves were included.
The data collected for patients included within the study were age, sex, preoperative major Cobb angle, levels fused during the operation, neuromonitoring results, and any postoperative complications. The minimum time of follow-up for these patients was 6 months.
Neuromonitoring was performed by specially trained neurophysiologists both before and during the operation. SSEPs and TMS measurements were recorded. Standard techniques were used to measure amplitude and latencies throughout the body. These exams required intubation and sedation for the patient's comfort, as well as to better simulate the operative environment for testing. A Student t test was used to compare the preoperative Cobb angle between the cohort of patients with normal preoperative SSEP/TMS testing compared to those patients with abnormal SSEP/TMS testing.
RESULTS
Eighty-one patients met all of our inclusion criteria. The demographics for these patients are listed in Table 1 . There were 13 patients excluded for the following diagnoses: diskitis, neurofibromatosis, multiple sclerosis, syrinx, revision surgery (2 patients), hydrocephalus, congenital scoliosis, spinal cord tumor, juvenile idiopathic scoliosis, and pseudochondroplasia. There were 14 patients excluded because of incomplete preoperative and/or postoperative neurmonitoring results. The majority of patients were female (79%) and the average age was 15 years old. As expected, the average preoperative Cobb angle was well above 50 degrees (57.51 degrees) ( Table 2 ). The average number of levels fused was 8 to 9 levels.
There were 71 patients with completely normal SSEP and TSM findings prior to their operation. There were 10 patients with abnormal preoperative SSEP/TSM exams. Eight patients only had abnormal posterior tibial nerve SSEP findings. The abnormal findings are listed within Table 3 . Follow-up for this cohort of patients ranged from approximately 6 months to 6.5 years. There were no instances of neurologic injury for these 81 patients following scoliosis correction surgery.
The average Cobb angle for patients with an abnormal preoperative SSEP/TSM testing was 60.8 degrees (6 10.18 degrees). The average Cobb angle for patients with normal preoperative SSEP/TSM testing was 57.21 degrees (6 10.78 degrees). This Neuromonitoring for Adolescent Idiopathic Scoliosis was not a statistically significant difference (P ¼ .32).
DISCUSSION
Our findings do not show significant benefit from preoperative measurement of SSEPs or TMS. These exams did not impact the clinical course for any of our patients diagnosed with AIS. Furthermore, for these patients, the same operative intervention was performed irrespective of the preoperative SSEP/ TMS results.
Given the limited clinical utility of preoperative SSEP/TMS testing and the increasing scrutiny on healthcare costs it is unlikely that routine preoperative SSEP/TMSS testing would be reimbursed by third-party payers. 10 Furthermore, surgery for AIS patients has been estimated to cost approximately $48 900 per patient. 11 Any additional costs that do not have proven clinical utility are difficult to justify. The limited clinical information from preoperative testing makes it difficult to justify the risks a pediatric patient is put through during intubation and sedation for preoperative SSEP/ TMS measurements.
SSEP results can fluctuate based on various factors, which makes direct comparison of preoper-ative versus intraoperative measurements difficult. These factors include blood pressure, temperature of the room, positioning, and the type of intraoperative anesthetic utilized. 8 Given these factors, it is more than likely that taking baseline SSEP waveforms within the operating room would be more beneficial as compared to using values found in the preoperative testing environment. Furthermore, given the age of these patients, sedation was required for neuromonitoring testing.
There are several important limitations for our study. This was a retrospective review, which is associated with recall/selection bias. The clinical information in this article largely stems from progress notes, operative reports, and radiographs from the electronic medical record, which is only as reliable as the physicians who enter the data into that record. Furthermore, there were 14 patients who had incomplete preoperative and/or postoperative neuromonitoring results, which was a higher number than we expected.
Our study shows results similar to those found previously by Hausmann et al and Shen et al, showing that preoperative testing of TMS/SSEP does not affect the clinical course for AIS patients being treated operatively. 7, 8 Similarly, our findings do not demonstrate any correlation between preoperative neuromonitoring abnormalities and Cobb angle. 9 Given our results, we would not recommend obtaining preoperative SSEP or TMS measurements for patients with AIS. 
